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(57) ABSTRACT 

A transport vehicle for traveling in a low-pressure environ- 
ment structure is provided. The transport vehicle may include 
a deployable decelerator provided on the transport vehicle 
and configured to deploy from the transport vehicle to 
decrease a distance between the transport vehicle and the 
low-pressure environment structure. When the decelerator is 
deployed the decelerator is configured to increase drag forces 
opposing a direction of motion of the transport vehicle and 
decelerate the transport vehicle. 
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FIGURE 2 
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DEPLOYABLE DECELERATOR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims the benefit of U.S. 
Provisional Application No. 62/1 13,51 1 filed on Feb. 8, 2015, 
and U.S. Provisional Application No. 62/255,680 filed on 
Nov. 16, 2015, the disclosures of which are expressly incor- 
porated by reference herein in their entireties. 

FIELD OF THE DISCLOSURE 

[0002] The present disclosure relates to the field of braking 
and deceleration. More particularly, the present disclosure 
relates to deceleration of a transport vehicle within a low- 
pressure environment. 

BACKGROUND OF THE DISCLOSURE 

[0003] A high speed, high efficiency transportation system 
utilizes a low-pressure environment in order to reduce drag on 
a vehicle traveling at high operating speeds, thus providing 
the dual benefit of allowing greater speed potential and low- 
ering the energy costs associated with overcoming drag 
forces. The vehicle operates in a near vacuum condition 
within the low-pressure environment, typically between two 
terminal stations. Such transportation systems can utilize a 
variety of acceleration systems to achieve the high speed 
allowed, including electromagnetic levitation. Due to the 
elevated operation speeds, tremendous forces are required to 
decelerate the vehicle and allow the vehicle to slow down or 
come to a complete stop. 

SUMMARY OF THE EMBODIMENTS OF THE 
DISCLOSURE 

[0004] Because of these high speeds, conventional braking 
systems and methods are impractical. Current practices do 
not envision a transport vehicle, method or system that create 
a sustainable frictional braking system designed to handle the 
immense forces that would be produced by attempting to 
decelerate the vehicle to a slower speed or a complete stop 
because current transportation vehicles and systems do not 
operate at the speed that a partially-evacuated, low-pressure 
environment allows. Thus, there is a need to design a transport 
vehicle, a deceleration method and a deceleration system that 
allow transport vehicles operating at elevated speeds within a 
low-pressure environment structure (e.g., a transport tube) to 
decelerate safely and in a stable manner. 

[0005] According to non-limiting embodiments of the 
present application, a transport vehicle for traveling in a low- 
pressure environment structure is provided. The transport 
vehicle may include a deployable decelerator provided on the 
transport vehicle and configured to deploy from the transport 
vehicle to decrease a distance between the transport vehicle 
and the low-pressure environment structure. When the decel- 
erator is deployed the decelerator is configured to increase 
drag forces opposing a direction of motion of the transport 
vehicle and decelerate the transport vehicle. 

[0006] In embodiments, the deployable decelerator may 
include an airbag that is configured to deploy from a frontal 
area of the transport vehicle outward in a direction-toward the 
low-pressure environment structure. 

[0007] In embodiments, the deployable decelerator may 
include at least one plate that is configured to deploy from a 


frontal area of the transport vehicle outward in a direction 
toward the low-pressure environment structure. 

[0008] In embodiments, the deployable decelerator may 
include an airbag and at least one plate that are configured to 
both deploy from the transport vehicle outward in a direction 
toward the low-pressure environment structure. 

[0009] In embodiments, the deployable decelerator may 
include a brace configured to support the outward deploy- 
ment of the airbag as the drag forces acting on the transport 
vehicle increase during deceleration. 

[0010] In embodiments, the deployable decelerator may be 
configured to deploy such that a frontal area of the transport 
vehicle substantially fills an entire inner cross sectional area 
of the low-pressure environment structure. 

[0011] In embodiments, the deployable decelerator may 
include a deployable braking pad that is configured to deploy 
along an outer peripheral surface of the transport vehicle and 
configured to couple with a fixed braking pad provided on and 
extending along the low-pressure environment structure. 
When the deployable braking pad is actuated, the deployable 
braking pad may be configured to press against the fixed 
braking pad on the low-pressure environment structure to 
generate frictional forces to decelerate the transport vehicle. 
[0012] In embodiments, the deployable braking pad may 
include a plurality of braking pads deployable at spaced inter- 
vals along the outer peripheral surface of the transport vehicle 
in a direction toward the low-pressure environment structure. 
[0013] In embodiments, the deployable braking pad may 
include a carbon reinforced carbon material contact surface 
that contacts a corresponding contact surface of the fixed 
braking pad on the low-pressure environment structure. 
[0014] According to non-limiting embodiments of the 
present application, a method of decelerating a transport 
vehicle in a low-pressure environment structure is provided. 
The method may include monitoring at least one operation 
parameter collected by at least one sensor, analyzing, via a 
controller communicating with the at least one sensor, the at 
least one collected operation parameter, detecting, via the 
controller, a triggering event based on the at least one col- 
lected operation parameter, transmitting, via a signal from the 
controller, instructions to a transport vehicle deceleration sys- 
tem to decelerate the transport vehicle, and deploying a decel- 
erator from the transport vehicle deceleration system to 
decelerate the transport vehicle in the low-pressure environ- 
ment structure when the triggering event is detected. 

[0015] In embodiments, the method may include deploying 
the decelerator such that a distance between the transport 
vehicle and the low-pressure environment structure is 
decreased, and deploying the decelerator such that a frontal 
area of the transport vehicle substantially fills an entire inner 
cross sectional area of the low-pressure environment struc- 
ture. 

[0016] In embodiments, the method may include deploying 
an airbag from the transport vehicle outward in a direction 
toward the low-pressure environment structure. 

[0017] In embodiments, the method may include deploying 
at least one plate that deploys from the transport vehicle 
outward in a direction toward the low-pressure environment 
structure. 

[0018] In embodiments, the method may include deploying 
an airbag and at least one plate from the transport vehicle 
outward in a direction toward the low-pressure environment 
structure. 
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[0019] In embodiments, the method may include deploying 
a braking pad along an outer peripheral surface of the trans- 
port vehicle and contacting a fixed braking pad provided on 
and extending along the low-pressure environment structure 
such that the braking pad presses against the fixed braking pad 
on the low-pressure environment structure to generate fric- 
tional forces to decelerate the transport vehicle. 

[0020] In embodiments, the method may include deploying 
a plurality of braking pads that deploy at spaced intervals 
along the outer peripheral surface of the transport vehicle in a 
direction toward the low-pressure environment structure. 
[0021] In embodiments, the method may include opening a 
closable ambient-air port provided on the low-pressure envi- 
ronment structure to draw in ambient air into the low-pressure 
environment structure to increase drag forces acting on the 
transport vehicle and decelerate the transport vehicle. 

[0022] According to non-limiting embodiments of the 
present application, a transport vehicle deceleration system 
for decelerating a transport vehicle in a low-pressure environ- 
ment structure is provided. The transport vehicle deceleration 
system may include a deployable decelerator configured to 
deploy from the transport vehicle to decrease a distance 
between the transport vehicle and the low-pressure environ- 
ment structure, a closable ambient-air port provided on a 
low-pressure environment structure and configured to draw- 
ambient air into the low-pressure enviromnent structure, and 
when at least one of the deployable decelerator and the ambi- 
ent-air port is deployed drag forces acting on the transport 
vehicle are increased to decelerate the transport vehicle. 
[0023] In embodiments, the system may include at least one 
of an airbag and at least one plate deployable from the trans- 
port vehicle outward in a direction toward the low-pressure 
environment structure. 

[0024] In embodiments, the system may include a deploy- 
able braking pad that is deployable along an outer peripheral 
surface of the transport vehicle and configured to couple with 
a fixed braking pad provided on and extending along the 
low-pressure environment structure such that when the 
deployable braking pad is actuated, the deployable braking 
pad is configured to press against the fixed braking pad on the 
low-pressure environment structure to generate frictional 
forces to decelerate the transport vehicle. 

[0025] Other aspects and advantages of the present disclo- 
sure will become apparent from the following description 
taken in conjunction with the accompanying drawings, illus- 
trated by way of example, and should be considered within 
the spirit of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The novel features which are characteristic of the 
apparatus and systems, both as to structure and method of 
operation thereof, together with further aims and advantages 
thereof, will be understood from the following description, 
considered in connection with the accompanying drawings, 
in which embodiments of the system are illustrated by way of 
example. It is to be expressly understood, however, that the 
drawings are for the purpose of illustration and description 
only, and they are not intended as a definition of the limits of 
the system. For a more complete understanding of the disclo- 
sure, as well as other aims and further features thereof, refer- 
ence may be had to the following detailed description of the 
disclosure in conjunction with the following exemplary and 
non-limiting drawings wherein: 


[0027] FIG. 1 shows a perspective view of an exemplary 
embodiment of a transportation system, according to aspects 
of the present disclosure; 

[0028] FIG. 2 shows a schematic of an exemplary, non- 
limiting embodiment of a transport vehicle deceleration sys- 
tem, according to aspects of the present disclosure; 

[0029] FIG. 3A shows a schematic of an exemplary, non- 
limiting embodiment of a transport vehicle in a low-pressure 
enviromnent structure, according to a first aspect of the 
present disclosure; 

[0030] FIG. 3B shows a cross-sectional view of the trans- 
port vehicle of FIG. 3 A along line A-A; 

[0031] FIG. 4A shows a schematic of an alternative exem- 
plary embodiment of a transport vehicle in a low-pressure 
enviromnent structure, according to aspects of the present 
disclosure; 

[0032] FIG. 4B shows a cross-sectional view of the trans- 
port vehicle of FIG. 4A along line A' -A'; 

[0033] FIG. 5A shows the transport vehicle of FIG. 3A, 
according to a second aspect of the present disclosure; 
[0034] FIG. 5B shows a cross-sectional view of the trans- 
port vehicle of FIG. 5A along line B-B; 

[0035] FIG. 6A shows the transport vehicle of FIG. 3A, 
according to a third aspect of the present disclosure; 

[0036] FIG. 6B shows a cross-sectional view of the trans- 
port vehicle of FIG. 6A along line C-C; 

[0037] FIG. 7 shows a flowchart depicting an exemplary, 
non-limiting embodiment of a method of decelerating a trans- 
port vehicle in a low-pressure environment structure, accord- 
ing to aspects of the present disclosure; and 
[0038] FIG. 8 shows a block diagram of an exemplary, 
non-limiting embodiment of a transport vehicle deceleration 
control system. 

DETAILED DESCRIPTION 

[0039] In view of the foregoing, the present disclosure, 
through one or more of its various aspects, embodiments 
and/or specific features or sub-components, is thus intended 
to bring out one or more of the advantages as specifically 
noted below. 

[0040] Methods described herein are illustrative examples, 
and as such are not intended to require or imply that any 
particular process of any embodiment be performed in the 
order presented. Words such as “thereafter,” “then,” “next,” 
etc. are not intended to limit the order of the processes, and 
these words are instead used to guide the reader through the 
description of the methods. Further, any reference to claim 
elements in the singular, for example, using the articles “a,” 
“an” or “the”, is not to be construed as limiting the element to 
the singular. 

[0041] FIG. 1 illustrates a perspective view of a transpor- 
tation system 100 according to a non-limiting embodiment of 
the present application. The transportation system 100 
includes one or more transport vehicles 110 traveling through 
a low-pressure enviromnent transport tube 120 (an example 
of the low-pressure enviromnent structure) between two or 
more terminal stations 130. In accordance with aspects of the 
disclosure, it is noted that a low-pressure environment 
includes any pressure that is below 1 atmosphere (or approxi- 
mately 1 bar) at sea level. It is also noted that additional 
aspects, embodiments and details of the transportation sys- 
tem 100 are disclosed in commonly assigned U.S. application 
Ser. No. 15/007,783, entitled, “Transportation System,” filed 
on even date herewith, the entire contents of which are hereby 
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expressly incorporated by reference herein. It is further noted 
that while the low-pressure environment structure is 
described herein as a low-pressure environment transport 
tube, such description of the same is solely for illustrative 
purposes and thus the low-pressure environment structure 
120 should not be considered so limited. Additional aspects, 
embodiments and details of the low-pressure environment 
structure are disclosed in commonly assigned U.S. applica- 
tion Ser. No. 15/008,017, entitled “Low-Pressure Environ- 
ment Structures,” filed on even date herewith, the entire con- 
tents of which are hereby expressly incorporated by reference 
herein. 

[0042] During a transport operation of the transport vehicle 
110, in which passengers and/or freight are moved between 
two or more terminal stations 130 within the low-pressure 
environment transport tube 120, there are times (e.g., in non- 
emergency situations or emergency situations) when the 
transport vehicle 110 must be decelerated either to a slower 
speed or to a complete stop. To safely and stably decelerate a 
given transport vehicle 110, the transportation system 100 
may be provided with a transport vehicle deceleration system. 
[0043] FIG. 2 illustrates a schematic of a transport vehicle 
deceleration system 200 according to a non-limiting embodi- 
ment of the present application. The transport vehicle decel- 
eration system 200 is designed to decelerate one or more 
transport vehicles 110 within the low-pressure environment 
transport tube 120. The transport vehicle deceleration system 
200 enables the transport vehicles 110, sections of the low- 
pressure environment transport tube 120 (including the track 
over which the transport vehicles travel, not labeled), and the 
terminal stations 130 to communicate with each other so as to, 
for example, control the one or more transport vehicles 110 
traveling within the low-pressure environment transport tube 
120 and/or control operating conditions of the low-pressure 
environment transport tube 120 (or track). In this regard, the 
transport vehicle deceleration system 200 may be equipped 
with a plurality of sensors, monitors, processors and commu- 
nications devices (collectively referenced as 220 in FIG. 2) to 
collect and analyze a plurality of operation parameters to 
determine whether one or more transport vehicles 110 should 
be decelerated and to initiate/actuate deceleration of the one 
or more transport vehicles 110 when such action is required. 
[0044] In embodiments, the sensors, monitors, processors 
and communications devices 220 may include and relate to, 
but are not limited to, speed detection systems, temperature 
detection systems, air quality and smoke detecting systems, 
ventilation systems, braking systems, video monitoring sys- 
tems, collision avoidance systems, global positioning sys- 
tems, satellite systems, radio communication systems, Wi- 
Fi™ enabled co mmu nication systems, cellular 
communications systems, tube leakage detection systems, 
tube break detection systems, cabin environment detection 
systems, glass break detection systems, vibration detection 
systems, compressor and motor operation detection systems, 
lighting systems, and propulsion and magnetic levitation 
detection systems. Those having ordinary skill in the art 
would appreciate that other sensors, monitors, processors and 
communication devices may also be used to monitor, collect 
and analyze a plurality of operation parameters to determine 
whether one or more transport vehicles 110 should be decel- 
erated and to initiate/actuate deceleration of the one or more 
transport vehicles 110 when such action is required. For 
example, those having ordinary skill in the art would readily 
appreciate that any conventionally known sensors, monitors, 


processors and communication devices utilized in monitoring 
and controlling mass transit systems and fleets of commercial 
and industrial vehicles forpurposes of enhancing safety to the 
public, transportation infrastructure and capital equipment 
(e.g., existing commuter rail and fleets of vehicles such as 
buses, trucks, cars and planes) could be implemented 
throughout the transportation system 100 and/or the transport 
vehicle deceleration system 200. 

[0045] It is contemplated that each of the implemented 
sensors, monitors, processors and communication devices 
may connect with each of the terminal stations, public safety 
authorities, each transport vehicle in the route and individual 
or multiple sections of the low-pressure environment trans- 
port tube 120 for purposes of being collected, stored and 
analyzed, alone, or with other information and data collected 
in or input to the transportation system 100 and/or the trans- 
port vehicle deceleration system 200. It is further contem- 
plated that each of the terminal stations 130, public safety 
authorities, each transport vehicle 110 and individual ormul- 
tiple sections of the low-pressure environment transport tube 
120 are further configured to alert and initiate an actuation of 
the transport vehicle deceleration system 200 to decelerate 
the transport vehicle 110 in a safe and stable maimer. It is 
additionally noted that further aspects, embodiments and 
details of the way in which the sensors, monitors, processors 
and communication devices 220 of the transport vehicle 
deceleration system 200 may be implemented in the transpor- 
tation system 100 are disclosed, e.g., in FIG. 40 and the 
related disclosure in commonly assigned U.S. application 
Ser. No. 15/007,783, entitled, “Transportation System,” filed 
on even date herewith, the entire contents of which are hereby 
expressly incorporated by reference herein. 

[0046] For example, as illustrated in FIG. 2, spacing 
between transport vehicles 110 a, 110 b, 110 c traveling along 
the same track within the low-pressure environment transport 
tube 120 may be maintained using the plurality of sensors, 
monitors, processors and various wireless communication 
systems 220 over a wireless communications network so that 
each transport vehicle 110a, 110 b, 110 c in the low-pressure 
environment transport tube 120 is aware of the relative loca- 
tion of each of the other transport vehicles 110a, 110 b, 110 c. 
For example, if transport vehicle 110c traveling downstream 
in the low-pressure environment transport tube 120 has 
slowed (e.g., due to a malfunction), then the other transport 
vehicles 110a, 1106 upstream ofthe slowed transport vehicle 
110c may recognize the situation, and the transport vehicle 
deceleration system 200 may decelerate the upstream trans- 
port vehicles 110a, 110 6 to a slower speed or to a complete 
stop. 

[0047] As a further example of the capabilities of the trans- 
port vehicle deceleration system 200, in the event of an earth- 
quake, sections of the low-pressure environment transport 
tube 120 that detect seismic activity (e.g., sections that are 
closer in proximity to the epicenter of the seismic activity) 
may communicate with other sections of the low-pressure 
environment transport tube (or one or more of the transport 
vehicles 110a, 1106, 110c in the low-pressure environment 
transport tube 120) further from the epicenter to adjust oper- 
ating conditions (e.g., decelerate the transport vehicle 110 to 
a complete stop or draw in ambient air from outside of the 
low-pressure environment transport tube 120) to account for 
the seismic activity and minimize the negative effect on (and 
enhance the safety of) passengers and/or freight traveling 
through the low-pressure environment transport tube 120. 
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[0048] In embodiments, should there be a loss of commu- 
nication between the transport vehicles 110 themselves, 
between the transport vehicles 110 and the low-pressure envi- 
ronment transport tube 120 (or the track), or between the 
transport vehicles 110 and the terminal stations 130, the trans- 
portation system 100 (or portions thereol) may shut down, 
and for example, the transport vehicle deceleration system 
200 may actuate one or more ambient-air ports 240 (an 
example of a deployable decelerator), which are provided on 
the low-pressure environment transport tube 120 and config- 
ured to draw ambient air into the low-pressure environment 
transport tube 120 to assist in decelerating the one or more 
transport vehicles 110. That is, by removing or reducing the 
low-pressure environment in the transport tube 120 (e.g., 
bringing the pressure to atmospheric pressure), the one or 
more transport vehicles 110 will encounter greater air resis- 
tance, which will cause the one or more transport vehicles 110 
to slow down more quickly than if the low-pressure environ- 
ment had been maintained. 

[0049] It is contemplated that the ambient-air port 240 may 
be deployed in a variety of manners. For example, the ambi- 
ent-air port 240 may be rotated or slid (via conventionally 
known slide and rotation mechanisms, e.g., a slide bearing 
assembly or a hinge assembly) from a closed position, in 
which the ambient-air port 240 seals the low-pressure envi- 
ronment transport tube 120 from an outside environment, to 
an open position, in which the ambient-air port 240 is moved 
such that the low-pressure environment of the transport tube 
120 is filled with ambient air from the outside environment. 
Those having ordinary skill in the art would appreciate that 
the ambient-air port 240 may be actuated by conventionally 
known electro-mechanical/fluid systems, e.g., a pneumatic 
(e.g., hydraulic) piston system that raises and lowers or slides 
the ambient-air port 240 relative to the low-pressure environ- 
ment transport tube 120. It is further contemplated that the 
ambient-air port 240 may be provided at any location on the 
low-pressure environment transport tube 120 (i.e., upper 
sides, lower sides, lateral sides) so long as the ambient-air 
port 240 is positioned to draw ambient air into the low- 
pressure enviromnent transport tube 120. 

[0050] In embodiments, the one or more transport vehicles 
110 may each be equipped with onboard emergency power 
systems sufficient to provide auxiliary propulsion (e.g., to 
propel the transport vehicles 110 to the next station or to an 
emergency egress) in the event of an emergency (e.g., in the 
event of an obstruction in the low-pressure environment 
transport tube 120 or loss of the low-pressure enviromnent). It 
is contemplated that the ambient-air port 240 may also serve 
as an emergency egress to allow stranded passengers to 
remove themselves from the safety threat and exit the low- 
pressure enviromnent transport tube 120. 

[0051] In each of the above-noted situations, the transport 
vehicle deceleration system 200 may also effect actuation of 
deployable decelerators and/or deployable braking pads pro- 
vided on the transport vehicle 110 to decelerate the same 
within the low-pressure enviromnent transport tube 120. The 
transport vehicle deceleration system 200 is configured to 
enable the deployable decelerators and/ or deployable braking 
pads to be deployed (either singly or in combination depend- 
ing on how the transport vehicle 110 is equipped or config- 
ured to respond to an emergency or non-emergency triggering 
event) to decelerate the transport vehicle 110 in a safe and 
stable maimer. 


[0052] FIG. 3 A illustrates a schematic of a transport vehicle 
310 configured for implementation in both the transportation 
system 100 and the transport vehicle deceleration system 200 
according to a non-limiting embodiment of the present appli- 
cation. As shown in FIGS. 3A and 3B, the transport vehicle 
310 includes a deployable decelerator 320. The deployable 
decelerator 320 is configured to deploy from the transport 
vehicle 310 in such a maimer so as to decrease a distance 
between the transport vehicle 310 and the low-pressure envi- 
romnent transport tube 120. In order to decrease the distance 
between the transport vehicle 310 and the low-pressure envi- 
romnent transport tube 120 the deployable decelerator 320 is 
configured to deploy such that it movably extends or projects 
from an inner or outer surface of the transport vehicle 310 
toward an inner surface of the low-pressure environment 
transport tube 120. The deployable decelerator 320 may mov- 
ably extend or project from the transport vehicle 310 in any 
upward, downward or lateral direction of the transport vehicle 
310. Deployment of the deployable decelerator 320 in such a 
manner has the effect of increasing drag forces F acting on the 
transport vehicle 110 in a direction of motion of the transport 
vehicle 310, and thus allows the transport vehicle 310 to 
decelerate in a rapid, yet safe and stable manner (e.g., to 
decelerate for the purpose of preventing a collision with a 
malfunctioning transport vehicle located downstream along 
the route in the low-pressure enviromnent transport tube 120). 
[0053] As shown in FIG. 3A, the deployable decelerator 
320 is provided to deploy from a frontal area 310a of the 
transport vehicle 310 thereby increasing a size of the frontal 
area 310a of the transport vehicle 310 to increase the drag 
forces F acting on the transport vehicle 310 during a decel- 
eration. Moreover, as is also shown in FIGS. 3A and 3B, the 
deployable decelerator 320 is configured to deploy such that 
the frontal area 31 0a of the transport vehicle 31 0 substantially 
fills an entire inner cross sectional area of the low-pressure 
environment transport tube 120 thereby decelerating the 
transport vehicle 310 either to a slower speed or to a complete 
stop more efficiently. While the deployable decelerator 320 
may be configured to substantially fill the entire cross sec- 
tional area of the low-pressure enviromnent transport tube 
120, the deployable decelerator 320 is further configured to 
prevent contact with the low-pressure environment transport 
tube 1 2 0 so as to avoid damage to the decelerator and the tube. 
In embodiments, the deployable decelerator 320 is config- 
ured to deploy in such a manner that a center of area of the 
deployed decelerator is within an acceptable distance range 
from a center of gravity of the transport vehicle 310 thereby 
preventing the decelerating forces acting on the transport 
vehicle 310 from inducing unstable vehicle motion. 

[0054] In addition, while the deployable decelerator 320 is 
depicted as being deployed from the frontal area 310a of the 
transport vehicle 310, those having ordinary skill in the art 
would appreciate that the deployable decelerator 320 may be 
deployed from any outer peripheral surface of the transport 
vehicle 310 toward the inner surface of the low-pressure 
enviromnent transport tube 120 so long as the configuration 
increases the drag forces F opposing the direction of motion 
of the transport vehicle 310 and decelerates the transport 
vehicle 310 in a safe and stable manner. 

[0055] For example, instead of being deployed from a 
front -most side of the transport vehicle 310, as shown in FIG. 
3 A, the deployable decelerator 320 may be deployed along an 
outer peripheral surface of the frontal area 310a behind the 
front-most side of the transport vehicle 310, as shown in 
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FIGS. 4A and 4B. It is contemplated that the deployable 
decelerator 320 may be deployed from any location along the 
transport vehicle 310 toward the inner surface of the low- 
pressure environment transport tube 120, including a rear- 
most side of the same, again, so long as the configuration 
increases the drag forces F opposing the direction of motion 
of the transport vehicle 310 and decelerates the transport 
vehicle 310 in a safe and stable manner. It is also contem- 
plated that when the deployable decelerator 320 is deployed, 
the transport vehicle 31 0 is designed to prevent the propulsion 
system from interfering with and resisting the intended decel- 
eration of the same. For example, when a deceleration is 
either anticipated or detected the propulsion system may be 
configured to shut-off, temporarily disable or switch to a 
neutral power-type mode or reverse power-type mode (in 
which the direction of propulsion is reversed against the 
direction of motion) to further assist in deceleration of the 
transport vehicle 310. 

[0056] In embodiments, and as shown in FIGS. 3A, 3B, 4A 
and 4B, the deployable decelerator 320 includes an airbag 
330 that is configured to deploy from the transport vehicle 
310 outward toward an imter surface of the low-pressure 
environment transport tube 120. As shown, the airbag 330 
deploys from the frontal area 310a of the transport vehicle 
310 toward the inner surface of the low-pressure environment 
transport tube 120 in all cross sectional directions of the 
low-pressure environment transport tube 120. Those having 
ordinary skill in the art would appreciate that the airbag 330 
may either be deployed from a storage area below an outer 
surface of the transport vehicle 310 or deployed from a hous- 
ing provided at the outer surface of the transport vehicle 310. 
While the airbag 330 is shown as a single airbag, it is con- 
templated that a plurality of airbags may be deployed from the 
transport vehicle 3 10 so long as the deployment decreases the 
distance between the transport vehicle 110 and the low-pres- 
sure environment transport tube 120 and increases the outer 
peripheral area of the transport vehicle 310. 

[0057] In embodiments, the airbag 330 is designed to 
inflate rapidly during a triggering event so as to decelerate or 
stop the transport vehicle 310 in a safe and stable manner to 
avoid a safety threat to passengers, cargo, the transport 
vehicle 310, other transport vehicles in the low-pressure envi- 
ronment transport tube 120, the low-pressure environment 
transport tube 120 itself, and maintenance crews working on 
the low-pressure environment transport tube 120, the track or 
other transport vehicles. For example, when it is determined 
that another transport vehicle in the low-pressure environ- 
ment transport tube 120 is disabled and located at an unsafe 
distance from the transport vehicle 310, the airbag 330 is 
designed to deploy to decelerate the transport vehicle 310 to 
prevent a collision with the disabled vehicle. It is contem- 
plated that the airbag inflation system may inflate similar to 
conventional inflation systems that produces nitrogen gas. 
[0058] The shape of the airbag 330 and an angle of deploy- 
ment relative to the direction of motion is not particularly 
limited so long as the distance between the low-pressure 
environment transport tube 120 and the transport vehicle 310 
is decreased and stability and overall balance/orientation of 
the transport vehicle 310 relative to the low-pressure environ- 
ment transport tube 120 is maintained. The airbag 330 is also 
designed to address the elevated operation speeds and the 
weight of the transport vehicle 310 in the low-pressure envi- 
ronment transport tube 120, as well as the elevated drag forces 
F acting on the airbag 330 during deceleration. Design con- 


siderations may include deployment speed, inflation force 
and material selection. Moreover, it is contemplated that 
deployment of the airbag 330 is controlled such that any 
forces experienced by human passengers and/or cargo during 
deployment are within a safety tolerance range that would 
prevent serious injury to passengers and/or damage to caigo. 
It is further contemplated that as the transport vehicle 310 
continues to decelerate the airbag 330 may proportionally 
deflate as well, for example, through small gas outlets or 
holes, provided on the airbag 330. The used airbag 330 may 
also be retractable for repeated use or alternatively may be 
removed and replaced with a replacement airbag. 

[0059] In embodiments and as shown in FIG. 3 A, the airbag 
330 includes a brace 330a configured to support the outward 
deployment of the airbag 330 as the drag forces F acting on 
the transport vehicle 310 increase during deceleration. Refer- 
ring to FIG. 3A, the brace 330a may deploy with the airbag 
and extend outward from within the airbag 330 via conven- 
tionally known slide and rotation mechanisms (e.g., slide 
bearing assembly and hinge assembly). However, those hav- 
ing ordinary skill in the art would appreciate that the brace 
330a may be attached to an inner/outer surface of the airbag 
330 (e.g., via sewing, adhesives, laminate construction of the 
airbag) and serve as an integral reinforcing member of the 
airbag 330. 

[0060] Alternatively, it is contemplated that the brace 330a 
may deploy from an outside of the airbag 330 to support and 
expand with outer side contours of the airbag 330 during 
inflation and to support the airbag 330 from a rear side 
throughout deceleration of the transport vehicle 310, whether 
or not the brace 330a is in constant contact with the deploy- 
ing/deployed airbag 330. It is further contemplated that the 
brace 330a may slide, rotate, or slide and rotate into position 
within the air bag or on the outer peripheral surface of the 
transport vehicle 310 via the appropriate slide and rotation 
mechanisms. It is noted that the depiction of the brace 330 a is 
omitted in FIG. 3B (the cross-sectional view of FIG. 3A), but 
only for purposes of clarity and to more clearly illustrate other 
aspects of the transport vehicle 310 described herein. 

[0061] In embodiments, and as shown in FIGS. 5A and 5B, 
the deployable decelerator 320 includes at least one plate 340 
that is configured to deploy from the transport vehicle 310 
outwardly in a direction toward (e.g., a radial direction of) the 
low-pressure environment transport tube 120 to decrease the 
distance between the transport vehicle 310 and the low-pres- 
sure environment transport tube 120. Referring to FIG. 5A, 
the at least one plate 340 is configured to deploy from the 
frontal area 310a of the transport vehicle 310. 

[0062] It is contemplated that the at least one plate 340 may 
be deployed in a variety of manners. For example, the at least 
one plate 340 may be rotated from a closed position, in which 
the at least one plate 340 is flush or level with the outer 
peripheral surface of the transport vehicle 310, to an open 
position, in which the at least one plate 340 is angled relative 
to the outer peripheral surface ofthetransportvehicle310. In 
this regard, the at least one plate 340 may be rotated upward 
from the closed position to the open position such that the at 
least one plate 340 is generally perpendicular to the direction 
of motion. Those having ordinary skill in the art would appre- 
ciate that the at least one plate 340 may also be deployed to the 
open position such that the at least one plate 340 is positioned 
at an acute angle or an obtuse angle relative to the direction of 
motion. It is further contemplated that actuation of the at least 
one plate 340 is similar to that described above with respect to 
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the ambient-air port 240 and may be based, e.g., on the actua- 
tion of a pneumatic (e.g., hydraulic) piston system that raises 
and lowers or slides the at least one plate 340 relative to the 
outer peripheral surface of the transport vehicle 310. 

[0063] It is still further contemplated that the at least one 
plate 340 may be one or more winged portions of the transport 
vehicle 310 that, in the closed position, serves an aerody- 
namic function under normal operation conditions, and that in 
the open position, serve to assist in the deceleration of the 
transport vehicle 310. For example, the winged portion of the 
transport vehicle 310 may be oriented to minimize its surface 
area in the direction of motion under normal operating speeds 
and may be rotated (e.g., via an internal motor) to maximize 
its surface area in the direction of motion during deceleration. 
It is also contemplated that the winged portion may be fixed 
relative to the outer peripheral surface of the transport 
vehicle, but may have rotatable or slidable components (simi- 
lar to the at least one plate 340 described herein) that are 
deployable toward the inner surface of the low-pressure envi- 
ronment transport tube 120 to maximize its surface area in the 
direction of motion during deceleration. 

[0064] In embodiments, a plurality of plates 340 are pro- 
vided adjacent one another at spaced intervals surrounding 
the transport vehicle 310. Each plate 340 may be flat, have a 
slight curvature, or an aerodynamic profile depending on the 
contour of the outer peripheral surface of the transport vehicle 
310, the manner in which the plate 340 is slid out from below 
the outer peripheral surface, or the function of the plate during 
normal operating conditions. The plates 340 may also be rigid 
or have flexibility to accommodate the drag forces F acting on 
them during deployment or while they are fully extended 
during deceleration. In embodiments, and as shown in FIGS. 
5A and 5B, the at least one plate 340 is configured to deploy 
such that the frontal area 310a of the transport vehicle 310 is 
increased and substantially fills an entire inner cross sectional 
area of the low-pressure environment transport tube 120. 
[0065] Those having ordinary skill in the art would readily 
appreciate that the at least one plate 340 may also be slidably 
deployed from a closed position, in which the at least one 
plate 340 is flush or level with the outer peripheral surface of 
the transport vehicle 310, to an open position, in which the at 
least one plate 340 is slid upward from the outer peripheral 
surface so as to project from the outer peripheral surface of 
the transport vehicle 310. Similar to the rotatable plates 
described above, the sliding direction of the at least one plate 
34 may be angled relative to the outer peripheral surface of the 
transport vehicle 310. For example, the at least one plate 340 
may be slid upward from the closed position to the open 
position such that the at least one plate 340 is generally 
perpendicular to, or forms an acute or obtuse angle relative to, 
the direction of motion. It is further contemplated that actua- 
tion of the slidable plate 340 is similar to that described above 
with respect to the rotatable plate 340. 

[0066] The shape of the at least one plate 340 and an angle 
of deployment relative to the direction of motion is not par- 
ticularly limited so long as the distance between the low- 
pressure environment transport tube 120 and the transport 
vehicle 310 is decreased and stability and overall balance/ 
orientation of the transport vehicle 310 relative to the low- 
pressure environment transport tube 120 is maintained. The at 
least one plate 340 is also designed to address the elevated 
operational speeds and weight of the transport vehicle 310 in 
the low-pressure environment transport tube 120, as well as 
the elevated drag forces F acting on the at least one plate 340 


during deceleration. Design considerations may include 
deployment speed, deployment force and material selection. 
Moreover, it is contemplated that deployment of the at least 
one plate 340 is controlled such that any forces experienced 
by human passengers and/or cargo during deployment are 
within a safety tolerance range that would prevent serious 
injury to passengers and/or damage to cargo. It is further 
contemplated that as the transport vehicle 310 continues to 
decelerate the at least one plate 340 may remain fixed in the 
open position or retract in a corresponding maimer until a safe 
speed is reached or the transport vehicle 310 is stopped. 

[0067] It is noted that the depiction of the at least one plate 
340 is omitted in FIG. 10 for purposes of clarity and to more 
clearly illustrate other aspects of the transport vehicle 310 
described herein. 

[0068] In embodiments and as shown, for example, in 
FIGS. 3A, 4A and 5A, the deployable decelerator 320 
includes the airbag 330 and the at least one plate 340, and both 
are configured to deploy from the transport vehicle 310. As 
shown, for example, in FIG. 3 A, the airbag 330 and the at least 
one plate 340 are deployable from the frontal area 310a of the 
transport vehicle 310 outwardly toward (e.g., in the radial 
direction of) the low-pressure environment transport tube 
120. When deployed simultaneously, such a multiple-option 
decelerator configuration decreases both the distance and the 
time required to decelerate the transport vehicle 310 either to 
a safe speed or to a complete stop within the low-pressure 
environment transport tube 120. Such a configuration also 
provides multiple deceleration options depending on the type 
of deceleration required. For example, if it is determined that 
an emergency stop is required immediately (e.g., imminent 
collision with an object in the low-pressure environment 
transport tube 120), both the airbag 330 and the at least one 
plate 340 may be deployed. If, however, it is determined that 
only a gradual slow-down is necessary, only one of the airbag 
330 or the at least one plate 340 may be deployed. 

[0069] In embodiments and as shown in FIGS. 6A and 6B, 
in addition to or alternative to the deployable decelerators 
320, one or more deployable braking pads 350 are provided 
on the transport vehicle 310. As shown, for example, in FIG. 
6A, the braking pad 350 is configured to be deployable along 
an outer peripheral surface of the transport vehicle 310 and 
configured to couple with a fixed braking pad 360 provided on 
and extending along the interior of the low-pressure environ- 
ment transport tube 120. In embodiments, the deployable 
braking pad 350 comprises a plurality of flat plates 350a, 
3506, 350c deployable at spaced intervals along the outer 
peripheral surfaceofthe transport vehicle310 in the direction 
toward (e.g., the radial direction of) the low-pressure envi- 
ronment transport tube 120. In embodiments, the deployable 
braking pad 350 has a contact surface 350a that includes a 
carbon reinforced carbon material. In embodiments, the fixed 
braking pad 360 also has a contact surface 360a that is con- 
figured to contact the carbon reinforced carbon contact sur- 
face 350a of the deployable braking pad 350. While the 
contact surfaces of braking pads 350, 360 have been 
described with reference to a specific material, it is contem- 
plated that the contact surfaces 350, 360 could include, in 
addition to or alternative to the carbon reinforced carbon 
material, any material that exhibits, e.g., sufficient resistance 
to thermal shock and thermal expansion to handle the 
imm ense forces that would be produced by attempting to 
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safely and stably decelerate the transport vehicle 310 to a 
slower speed or a complete stop within the low-pressure 
environment. 

[0070] The deployable braking pad 350 may be deployable 
in a manner similar to that of the above-described at least one 
plate 340. That is, the deployable braking pad 350 may be 
rotatably or slidably deployed from a closed position, in 
which the deployable braking pad 36 is flush or level with the 
outer peripheral surface of the transport vehicle 310, to a 
braking position, in which the deployable braking pad 350 is 
rotated or extended outward from the outer peripheral surface 
so as to project from the outer peripheral surface of the trans- 
port vehicle 310 to press against the fixed braking pad 360. 
Those having ordinary skill in the art would readily appreci- 
ate that the deployable braking pad 350 on the transport 
vehicle 310 may be alternatively fixed and the fixed braking 
pad 360 on the low-pressure environment transport tube 120 
may be deployable. Further, each deployable braking pad 350 
may be flat or have a slight curvature depending on the con- 
tour of the outer peripheral surface of the transport vehicle 
110. The deployable braking pad 350 may also be rigid or 
have flexibility to stabilize the braking pads 350 upon impact 
with the fixed braking pads 360 to ensure a stable and safe 
deceleration of the transport vehicle 310. 

[0071] In operation, when the deployable braking pad 350 
is actuated, the deployable braking pad 350 is configured to 
press against the fixed braking pad 360 on the low-pressure 
environment transport tube 120 to generate frictional forces 
to decelerate the transport vehicle 310 in the direction of 
motion. The deployable braking pad 350 may also include 
heat transfer elements to dissipate heat generated by the fric- 
tional contact made with the fixed braking pad 360 during 
deceleration. Similarly, the fixed braking pad 360 may also 
include heat transfer elements to dissipate heat generated by 
the frictional contact made with the deployable braking pad 
350 during deceleration. It is contemplated that the heat trans- 
fer elements may include, for example, a plurality of heat 
dissipating fins, holes, and/or cooling fluid channels. 

[0072] The deployable braking pad 350 and the fixed brak- 
ing pad 360 are also designed to address the elevated opera- 
tional speeds and weight of the transport vehicle 310 in the 
low-pressure environment transport tube 120, as well as the 
elevated drag forces F acting on the transport vehicle 310 
during deceleration. Design considerations may include 
deployment speed, deployment force and material selection. 
Moreover, it is contemplated that deployment of the braking 
pad 350 is controlled such that any forces experienced by 
human passengers and/or cargo during deployment are within 
a safety tolerance range that would prevent serious injury to 
passengers and/or damage to cargo. 

[0073] The decelerators 320 (330, 340), as well as the brak- 
ing pad 350, may be deployed manually or automatically 
based on information obtained during the operation of the 
transport vehicle 310 through the low-pressure environment 
tube 120. It is contemplated that a single decelerator 320 or 
any combination of the decelerators 330, 340 described above 
may be provided on the transport vehicle 310 and deployment 
of each decelerator 330, 340 and braking pad 350 may be 
independent of one another, simultaneous with one another, 
sequential to one another, or alternatively to one another. 
Moreover, when a plurality of plates 340 are provided, each 
plate 340 may be deployed simultaneously or deployed at 
different times and/or rates based on the system’s decelera- 
tion requirements. Similar configuration control is contem- 


plated for the braking pads 350 as well. In addition, it is 
further contemplated that each of the decelerators may also be 
manually controlled and operated on-board orremotely (e.g., 
at the terminal stations or elsewhere) for testing purposes or 
based on information analyzed in the transport vehicle decel- 
eration system 200 regarding the operating conditions of the 
transport vehicle 310 itself (e.g., operating conditions of elec- 
trical systems, mechanical systems, communication systems, 
passenger/freight cabin monitoring systems, outer structural 
systems, alarm systems, video systems), the low-pressure 
environment in which the transport vehicle 310 is operating, 
the low-pressure environment tube 120 itself, the other trans- 
port vehicles along the route or even an emergency situation 
at one or more of the terminal stations 130. It is further 
contemplated that each transport vehicle 310 may also be 
equipped with an emergency brake and an associated actuator 
so that a passenger or authorized personnel on the transport 
vehicle 310 may bypass the automated deployment configu- 
ration and deploy any one or certain of the deployable decel- 
erators and/or braking pad 350. 

[0074] FIG. 7 is a flowchart illustrating a method of decel- 
erating the transport vehicle 31 0 in the low-pressure environ- 
ment transport tube 120, according to a non-limiting embodi- 
ment of the present application. As described above, the 
elements of the transportation system 100, including, but not 
limited to, the transport vehicle 110, 310, the low-pressure 
environment transport tube 120 and the terminal stations 130, 
may be equipped with a sensors, monitors, processors and 
communications devices to monitor, collect and store data 
associated with operation parameters of the transport vehicle 
110. 310, the low-pressure environment transport tube 120 
and the terminal stations 130. 

[0075] In addition, referring now to FIG. 8, it should be 
understood that appropriate controllers and processors 800 
(e.g., located in computer systems implemented in the low- 
pressure environment tube 120, the transport vehicle 310, and 
the terminal stations 130) may be utilized to actuate the trans- 
port vehicle deceleration system 200 based on the analysis of 
information received from the sensors, monitors processors 
and communication devices 220. When the controllers and 
processors 800 receive and identify a triggering event related 
to the operation information and data collected by the sensors, 
monitors, processors and the communications devices 220 (or 
manual instructions received on-board or remotely during, 
e.g., a testing operation of the deceleration system), the con- 
trollers 800 instruct (e.g., transmit a signal to) the appropriate 
sub-systems/components/controllers of the transport vehicle 
deceleration system 200 (e.g, ambient-airport 240, decelera- 
tors 320, braking pads 350) to initiate deceleration of the 
transport vehicle 310, e.g., to deploy the decelerators 330, 
340 or braking pads 350 of the transport vehicle 310 and/or to 
open the ambient-air port 240 of the low-pressure environ- 
ment tube 120 or to deploy braking pad 360. As a result, the 
transport vehicle 310 can be decelerated in a safe and stable 
manner. 

[0076] In embodiments, the triggering events may be based 
on deviations outside of a predetermined range of known data 
associated with a single or multiple operation parameters, for 
example, an unsafe change in speed along the route, a change 
in object proximity, a change in tube environment, a passen- 
ger distress alert, a change in temperature, an onboard elec- 
trical or mechanical system malfunction, or an emergency at 
a terminal station. 
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[0077] In operation, the method includes monitoring a plu- 
rality of operation parameters collected by the plurality of 
sensors, monitors, processors and various communication 
systems 220 on any one of the transport vehicle 310, the 
low-pressure environment transport tube 120 and the terminal 
stations 130 (SI). The controllers and processors of the trans- 
port vehicle 310, the low-pressure environment transport tube 
120 and the temiinal stations 130 are configured to compare 
the collected operation parameters to the predetermined 
threshold values or ranges of the operation parameters. When 
one ormore of the collected operation parameters is identified 
as failing to meet or falling outside of the predetermined 
threshold values or ranges, one or more of the controllers 
identify this deviation as the triggering event and instruct the 
transport vehicle deceleration system 200 to decelerate the 
transport vehicle 310 (S2). 

[0078] When the transport vehicle deceleration system 200 
receives instructions to decelerate the transport vehicle 310, 
one or more of the decelerators 330, 340 and the braking pads 
350 may be deployed (S3, S4). In embodiments, one or more 
of the decelerator 330, 340 may deploy (as described in detail 
above) to decrease a distance between the transport vehicle 
310 and the low-pressure environment transport tube 120. In 
other embodiments, the decelerators 330, 340 may deploy (as 
also described in detail above) such that a frontal area of the 
transport vehicle 310 is increased and substantially fills an 
entire inner cross sectional area of the low-pressure environ- 
ment transport tube 120. 

[0079] In further embodiments, when the transport vehicle 
deceleration system 200 receives instructions to decelerate 
the transport vehicle 310, one or more of the braking pads 350 
may deploy (as also described in detail above) along the outer 
peripheral surface of the transport vehicle 310 and contact the 
fixed braking pads 360 provided on and extending along the 
low-pressure environment transport tube 120. When the brak- 
ing pads 350 are deployed, the braking pads 350 are pressed 
against the fixed braking pads 360 on the low-pressure envi- 
ronment transport tube 120 to generate frictional forces to 
decelerate the transport vehicle 310. 

[0080] In still other embodiments, the method includes 
opening the closable ambient-air port 240 provided on the 
low-pressure environment transport tube 1 20 to draw in ambi - 
ent air into the low-pressure enviromnent transport tube 120. 
Drawing in the ambient are also increases drag forces acting 
on the transport vehicle 310 and thus further assists in decel- 
erating the transport vehicle 310. 

[0081] For example, as the transport vehicle 310 is travel- 
ing through the low-pressure enviromnent transport tube 120, 
an on-board proximity detector 220 may detect an object in its 
path. An onboard controller 800 (of the transport vehicle 310) 
comiected to the proximity detector 220 may analyze the 
detected distance between the transport vehicle 310 and the 
object to determine whether or not the detected distance is 
within a predetermined safe distance range or falls outside of 
the predetermined safe range. If, the detected distance falls 
outside of the safe range, the controller 800 may, simulta- 
neously or subsequently, analyze other incoming data from 
other comiected sensors, monitors and communication 
devices 220. For example, after detecting that the distance 
falls outside the predetermined safe range, the controller 800 
may receive information from another transport vehicle com- 
municating operating conditions downstream of the transport 
vehicle 310. The co mmu nication from the downstream trans- 


port vehicle may indicate that the downstream transport 
vehicle has slowed down due to detected seismic activity. 
[0082] As a result, the controller 800 may correlate and 
analyze the combination of operation parameters and deter- 
mine that a triggering event lias occurred. Once the triggering 
event has occurred, the controller 800 will communicate with 
the transport vehicle deceleration system 200 and instruct 
controllers of one ormore of the deployable decelerators 330, 
340, the braking pads 350, 360 and the ambient-air port 240 to 
deploy to assist in decelerating the transport vehicle 310. It is 
contemplated that if the triggering event is identified as an 
emergency event, the controller may instruct multiple deploy- 
able decelerators 330, 340 and the braking pad 350 to deploy 
for an immediate stop of the transport vehicle 310. However, 
if the triggering event is identified as only a caution event, the 
controller may instead only instruct the deployable decelera- 
tor 340 to gradually deploy for a gradual slow down until the 
triggering event is no longer detected. It is noted that control- 
ler 800 of any one of the components in the transport vehicle 
deceleration system 200 may be one ormore controllers used 
to analyze information and data and communicate instruc- 
tions to the other components of the transport vehicle decel- 
eration system 200. 

[0083] Accordingly, the above-described deployable 
decelerators, systems and related methods enable a transport 
vehicle within a low-pressure enviromnent transport tube to 
decelerate to a slower speed or stop in a stable and safe 
manner. 

(0084] Although the above-described deployable decelera- 
tors, systems and related methods have been described with 
reference to several exemplary embodiments, it is understood 
that the words that have been used are words of description 
and illustration, rather than words of limitation. Changes may 
be made within the purview of the appended claims, as pres- 
ently stated and as amended, without departing from the 
scope and spirit of the above-described deployable decelera- 
tors, systems and related methods in its various aspects. 
Although the above-described deployable decelerators, sys- 
tems and related methods have been described with reference 
to particular means, materials and embodiments, the above- 
described deployable decelerators, systems and related meth- 
ods are not intended to be limited to the particulars disclosed; 
rather the above-described deployable decelerators, systems 
and related methods extend to all functionally equivalent 
structures, methods, and uses such as are within the scope of 
the appended claims. 

[0085] Although the present specification may describe 
components and functions that may be implemented in par- 
ticular embodiments with reference to particular standards 
and protocols, the disclosure is not limited to such standards 
and protocols. For example, components of the non-limiting 
embodiments of the various the plurality of sensors, monitors, 
processors and communication systems 220 represent 
examples of the state of the art. Such standards are periodi- 
cally superseded by equivalents having essentially the same 
functions. Accordingly, replacement standards and protocols 
having the same or similar functions are considered equiva- 
lents thereof. 

[0086] The illustrations of the embodiments described 
herein are intended to provide a general understanding of the 
structure of the various embodiments. The illustrations are 
not intended to serve as a complete description of all of the 
elements and features of the disclosure described herein. 
Many other embodiments may be apparent to those of skill in 
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the art upon reviewing the disclosure. Other embodiments 
may be utilized and derived from the disclosure, such that 
structural and logical substitutions and changes may be made 
without departing from the scope of the disclosure. Addition- 
ally, the illustrations are merely representational and may not 
be drawn to scale. Certain proportions within the illustrations 
may be exaggerated, while other proportions may be mini- 
mized. Accordingly, the disclosure and the figures are to be 
regarded as illustrative rather than restrictive. 

[0087] One or more embodiments of the disclosure may be 
referred to herein, individually and/or collectively, by the 
term “invention” merely for convenience and without intend- 
ing to voluntarily limit the scope of this application to any 
particular invention or inventive concept. Moreover, although 
specific embodiments have been illustrated and described 
herein, it should be appreciated that any subsequent arrange- 
ment designed to achieve the same or similar purpose may be 
substituted for the specific embodiments shown. This disclo- 
sure is intended to cover any and all subsequent adaptations or 
variations of various embodiments. Combinations of the 
above embodiments, and other embodiments not specifically 
described herein, will be apparent to those of skill in the art 
upon reviewing the description. 

[0088] The Abstract of the Disclosure is provided to com- 
ply with 37 C.F.R. § 1 .72(b) and is submitted with the under- 
standing that it will not be used to interpret or limit the scope 
or meaning of the claims. In addition, in the foregoing 
Detailed Description, various features may be grouped 
together or described in a single embodiment for the purpose 
of streamlining the disclosure. This disclosure is not to be 
interpreted as reflecting an intention that the claimed embodi- 
ments require more features than are expressly recited in each 
claim. Rather, as the following claims reflect, inventive sub- 
ject matter may be directed to less than all of the features of 
any of the disclosed embodiments. Thus, the following claims 
are incorporated into the Detailed Description, with each 
claim standing on its own as defining separately claimed 
subject matter. 

[0089] The preceding description of the disclosed embodi- 
ments is provided to enable any person skilled in the art to 
make or use the present disclosure. As such, the above dis- 
closed subject matter is to be considered illustrative, and not 
restrictive, and the appended claims are intended to cover all 
such modifications, enhancements, and other embodiments 
which fall within the true spirit and scope of the present 
disclosure. Thus, to the maximum extent allowed by law, the 
scope of the present disclosure is to be determined by the 
broadest permissible interpretation of the following claims 
and their equivalents, and shall not be restricted or limited by 
the foregoing detailed description. 

1. A transport vehicle for traveling in a low-pressure envi- 
ronment structure, comprising: 

a deployable decelerator provided on the transport vehicle 
and configured to deploy from the transport vehicle to 
decrease a distance between the transport vehicle and 
the low-pressure environment structure, wherein 

when the decelerator is deployed the decelerator is config- 
ured to increase drag forces opposing a direction of 
motion of the transport vehicle and decelerate the trans- 
port vehicle. 

2. The transport vehicle for traveling in the low-pressure 
environment structure of claim 1, wherein 


the deployable decelerator comprises an airbag that is con- 
figured to deploy from a frontal area of the transport 
vehicle outward in a direction toward the low-pressure 
environment structure. 

3. The transport vehicle for traveling in the low-pressure 
environment structure of claim 1, wherein 

the deployable decelerator comprises at least one plate that 
is configured to deploy from a frontal area of the trans- 
port vehicle outward in a direction toward the low-pres- 
sure environment structure. 

4. The transport vehicle for traveling in the low-pressure 
environment structure of claim 1, wherein 

the deployable decelerator comprises an airbag and at least 
one plate that are configured to both deploy from the 
transport vehicle outward in a direction toward the low- 
pressure environment structure. 

5. The transport vehicle for traveling in the low-pressure 
environment structure of claim 2, wherein 

the deployable decelerator further comprises a brace con- 
figured to support the outward deployment of the airbag 
as the drag forces acting on the transport vehicle increase 
during deceleration. 

6. The transport vehicle for traveling in the low-pressure 
environment structure of claim 1, wherein 

the deployable decelerator is configured to deploy such 
that a frontal area of the transport vehicle is increased 
and substantially fills an entire inner cross sectional area 
of the low-pressure environment structure. 

7. The transport vehicle for traveling in the low-pressure 
environment structure of claim 1, wherein 

the deployable decelerator comprises a deployable braking 
pad that is configured to deploy along an outer peripheral 
surface of the transport vehicle and configured to couple 
with a fixed braking pad provided on and extending 
along the low-pressure environment structure, wherein 

when the deployable braking pad is actuated, the deploy- 
able braking pad is configured to press against the fixed 
braking pad on the low-pressure environment structure 
to generate frictional forces to decelerate the transport 
vehicle. 

8. The transport vehicle for traveling in the low-pressure 
environment structure of claim 7, wherein 

the deployable braking pad comprises a plurality of brak- 
ing pads deployable at spaced intervals along the outer 
peripheral surface of the transport vehicle in a direction 
toward the low-pressure environment structure. 

9. The transport vehicle for traveling in the low-pressure 
environment structure of claim 7, wherein 

the deployable braking pad comprises a carbon reinforced 
carbon material contact surface that contacts a corre- 
sponding contact surface of the fixed braking pad on the 
low-pressure environment structure. 

10. A method of decelerating a transport vehicle in a low- 
pressure environment structure, comprising: 

monitoring at least one operation parameter collected by at 
least one sensor in a transportation system; 

analyzing, via a controller communicating with the at least 
one sensor, the at least one collected operation param- 
eter; 

detecting, via the controller, a triggering event based on the 
at least one collected operation parameter; 

transmitting, via a signal from the controller, instructions 
to a transport vehicle deceleration system to decelerate 
the transport vehicle; and 
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deploying a decelerator from the transport vehicle decel- 
eration system to decelerate the transport vehicle in the 
low-pressure environment structure when the triggering 
event is detected. 

11 . The method of decelerating the transport vehicle in the 
low-pressure environment structure of claim 10, wherein 

in the deploying of the decelerator, a distance between the 
transport vehicle and the low-pressure environment 
structure is decreased, and 

the deployed decelerator deploys such that a frontal area of 
the transport vehicle is increased and substantially fills 
an entire inner cross sectional area of the low-pressure 
environment structure. 

12. The method of decelerating the transport vehicle in the 
low-pressure environment structure of claim 10, wherein 

the deployable decelerator comprises an airbag that 
deploys from the transport vehicle outwardly in a direc- 
tion toward the low-pressure environment structure. 

13. The method of decelerating the transport vehicle in the 
low-pressure environment structure of claim 10, wherein 

the deployable decelerator comprises at least one plate that 
deploys from the transport vehicle outwardly in a direc- 
tion toward the low-pressure environment structure. 

14. The method of decelerating the transport vehicle in the 
low-pressure environment structure of claim 10, wherein 

the deployable decelerator comprises an airbag and at least 
one plate that both deploy from the transport vehicle 
outwardly in a direction toward the low-pressure envi- 
ronment structure. 

15. The method of decelerating the transport vehicle in the 
low-pressure environment structure of claim 10, wherein 

the deployable decelerator comprises a deployable braking 
pad that deploys along an outer peripheral surface of the 
transport vehicle and contacting a fixed braking pad 
provided on and extending along the low-pressure envi- 
ronment structure, wherein 

when the braking pad is deployed, the braking pad presses 
against the fixed braking pad on the low-pressure envi- 
ronment structure and generates frictional forces to 
decelerate the transport vehicle. 

16. The method of decelerating the transport vehicle in the 
low-pressure environment structure of claim 15, wherein 

the braking pad comprises a plurality of braking pads that 
deploy at spaced intervals along the outer peripheral 


surface of the transport vehicle outwardly in a direction 
toward the low-pressure environment structure. 

17. The method of decelerating the transport vehicle in the 
low-pressure environment structure of claim 10, wherein 

the deployable decelerator comprises a closable ambient- 
airport provided on the low-pressure environment struc- 
ture that opens and draws in ambient air into the low- 
pressure environment structure to increase drag forces 
acting on the transport vehicle and decelerate the trans- 
port vehicle. 

18. A transport vehicle deceleration system for decelerat- 
ing a transport vehicle in a low-pressure environment struc- 
ture, comprising: 

a deployable decelerator configured to deploy from the 
transport vehicle to decrease a distance between the 
transport vehicle and the low-pressure environment 
structure; and 

a closable ambient-air port provided on a low-pressure 
environment structure and configured to draw ambient 
air into the low-pressure environment structure, wherein 

when at least one of the deployable decelerator and the 
ambient-air port are deployed drag forces acting on the 
transport vehicle are increased to decelerate the trans- 
port vehicle. 

19. The transport vehicle deceleration system for deceler- 
ating the transport vehicle in the low-pressure environment 
structure of claim 18, wherein 

the deployable decelerator comprises at least one of an 
airbag and at least one plate deployable from the trans- 
port vehicle outward in a direction toward the low-pres- 
sure environment structure. 

20. The transport vehicle deceleration system for deceler- 
ating the transport vehicle in the low-pressure enviromnent 
structure of claim 18, further comprising: 

a deployable braking pad that is deployable along an outer 
peripheral surface of the transport vehicle and config- 
ured to couple with a fixed braking pad provided on and 
extending along the low-pressure environment struc- 
ture, and 

when the deployable braking pad is actuated, the deploy- 
able braking pad is configured to press against the fixed 
braking pad on the low-pressure enviromnent structure 
to generate frictional forces to decelerate the transport 
vehicle. 





